Summary. A phosphoglycopeptide, accounting for approximately 90% of the characteristically high content of acid-soluble organically-bound phosphorus in the octopus spermatophoric plasma (4 mg P/ml), was identified. Electrophoretic and chromatographic purification, followed by chemical and enzymic hydrolysis, yielded d-galactose phosphate as a degradation product. The galactose and peptide moieties of the compound were linked via a phosphoryl rather than a glycosidic linkage but the peptide was devoid of aromatic amino acids.
Introduction
Spermatophoric plasma, which is the fluid surrounding the sperm rope within the spermatophore of the giant octopus, Octopus dofleini martini, exhibits certain unusual physico-chemical properties: the dry weight content (about 25 g/100 ml), relative density (1-080-1-087) and viscosity (cP = 10-5-16-9) are all much higher than are generally encountered in biological fluids. The high osmolality (670 mosmol/kg) is mostly caused by substances other than electrolytes, i.e. glycoproteins and glycopeptides containing bound carbohydrate and amino sugar, but little sialic acid (Mann, Martin & Thiersch, 1970) . Another characteristic feature of the spermatophoric plasma is the presence of a considerable amount of organically-bound, but trichloroacetic acid-extractable, phosphate, about 100 pmol P/ml, of which roughly 10% has been identified as glycerophosphocholine (Brooks, Mann & Martin, 1974) . The present study provides evidence that most of the remaining acid-soluble phosphate occurs in the form of phosphoglycopeptide, in which phosphate is bound to galactose. The study is concerned with the isolation and partial chemical characterization of this unusual peptide, its origin in the male reproductive tract of the octopus, and its participation in the spermatophoric reaction when, as a result of sea-water influx into the intraspermatophoric compartment, the sperm rope is pushed forward from the proximal to the distal end of the spermatophore and finally ejected into the spermatophoric bladder.
designating the accessory organs, genital fluids, component parts of the spermatophore and stages of the spermatophoric reaction, were those introduced by Mann et ai (1970 
Analyticalprocedures
Inorganic phosphate was determined in the presence of organic phosphate by the procedure of Berenblum & Chain (1938) or in incinerated samples as described by Brooks (1970) . Galactose was assayed by the spectrophotometric procedure of Bergmeyer (1974) . Partitioning of material into organic (chloroform) and aqueous (water-methanol) phases was by the procedure of Bligh & Dyer (1959) for the extraction of lipids. Protein was estimated by reaction with Coomassie Brilliant Blue G250 (Sedmak & Grossberg, 1977) Descending Chromatographie systems included (a) n-butanol : acetic acid : water (12:3 :5 by vol.) (Efron, 1968) ; (b) ethyl acetate : pyridine : water (10:4:3 by vol.) (Hough & Jones, 1962) ; (c) phenol saturated with water (Block, Durrum & Zweig, 1958) ; (d) phenol saturated with water: acetic acid ¡ethanol (50:5:6 by vol.) (Dawson, Hemington & Davenport, 1962) ; (e) isopropanol:water:NH3 (7:2:1 by vol.) (Brown, Clark & Letters, 1961) ; (f) 77% ethanol (Block et al., 1958) . In some instances electrophoresis in system (a) was carried out before the chromatography of neutral sugars in order to remove interfering ions.
A variety of stains was used in initial investigations to locate spots, but for routine analysis the following were used: (a) examination under ultraviolet light; (b) 0-25% ninhydrin in acetone for primary amino groups (Toennies & Kolb, 1951) ; (c) the AgN03 reagent for carbohydrates (Trevelyan, Procter & Harrison, 1950) ; (d) the dip of Harrap (1960) for phosphorus-containing compounds; (e) the /?-anisidine reagent for reducing sugars (Dawson, Elliott, Elliott & Jones, 1969) .
Results
Properties of the acid-soluble phosphorusfraction obtained from the spermatophoric plasma
The contents of spermatophores freshly removed from the spermatophoric sac were separated into sperm ropes and spermatophoric plasma by centrifugation. The sperm-free spermatophoric plasma had a high content of total phosphorus, determined after incineration with perchloric acid (Table 1) . Virtually all of the phosphorus was organically bound since only 0-05% was present as inorganic phosphate (Table 1) .
The bulk (93%) of the total phosphorus was extractable into 10% trichloroacetic acid but none of this extracted phosphorus passed into the organic phase when the trichloroacetic extract was shaken with ether to remove the excess of this acid. Furthermore, when partitioned between chloroform and methanol/water according to Bligh & Dyer (1959) , the acid-soluble phosphorus remained in the aqueous phase, clearly indicating that it is unlikely to be a lipid.
Of the total amount of acid-soluble phosphorus, only 3% was converted to inorganic phosphate by hydrolysis with 1 M-HC1 for 1 h at 100°C; the remainder was in a form difficult to hydrolyse.
It appeared that the phosphorus-containing compound was of relatively low molecular weight because it was (a) soluble in trichloroacetic acid, (b) not precipitated from acid extracts by ethanol (80% final concentration) and (c) able to pass through a cellophane dialysis sac and through the ultrafiltration membrane which excluded compounds of molecular weight > 10 000.
Preliminary characterization of the phosphoglycopeptide
The phosphorus-containing material purified from spermatophoric plasma as described in the 'Materials and Methods', gave a positive reaction with ninhydrin, but a negative reaction for secondary, tertiary and quaternary amines. In all cases after chromatography or electrophoresis Values are for 1, 2* or 3f animals with the range in parentheses.
The detection limit of the assay was 0 0005 mg P/ml. Amongst a variety of proteases, pronase proved to be the most effective; after electrophoresis of the degradation products in system (a), two ninhydrin-positive and phosphorus-contayiing compounds (relative mobility -0-66 and -0-78) were isolated from other phosphorus-negative compounds. These phosphorus-containing fragments yielded galactose and galactose phosphate on acid hydrolysis and contained little aspartate or glutamate.
When the parent compound was treated with weak acid (1-5 M-acetic acid) or weak alkali (1 M-NH4OH or 0-1 M-NaOH) at 110°C for 24 h, both procedures yielded, among other products, a phosphorylated product which was electrophoretically neutral at pH 1-7 and was ninhydrin-negative but AgN03-reactive. This material was further purified by electrophoresis in system (c) (relative mobility of +0-69). It yielded galactose phosphate but no galactosamine after short acid hydrolysis (1 h at 110°C in 1 M-HC1) and glycine, valine and glutamate after prolonged acid hydrolysis (17 h at 110°C in 6 M-HC1). Despite reducing the parent compound to this simpler fragment, the fragment remained unaffected by alkaline phosphatase or phosphodiesterase.
Distribution of the organically-bound acid-soluble phosphorus in reproductive-tract tissue and fluids, and its participation in the spermatophoric reaction Table 1 lists the results of analyses of inorganic and total acid-soluble phosphorus in trichloroacetic-acid extracts prepared from several body fluids and tissues of the male octopus, and from the plasma separated by centrifugation from the sperm ropes of spermatophores at different stages of maturation. Organically-bound phosphorus can be taken as the difference between total acid-soluble phosphorus and inorganic phosphorus. As can be seen from Table 1 , the high content of acid-soluble phosphorus, which is comprised almost exclusively of organically-bound phosphorus, characterizes only the mature spermatophore.
The question whether during the spermatophoric reaction any of the organically-bound acid-soluble phosphorus can pass across the outer tunic of the spermatophore, from the intra-spermatophoric milieu into the sea water, was investigated. A spermatophore freshly removed from the spermatophoric sac was placed in a tray filled with 1000 ml 2-7% (w/v) NaCl (equivalent to that of sea water) and allowed to undergo a complete spermatophoric reaction at 10°C; it took 1 h 50 min for the spermatophore to balloon out into the spermatophoric bladder. The total acid-soluble phosphorus contents were 17-2 mg in the spermatophoric-bladder plasma (24 ml), 7 mg in the plasma left behind in the bladder, i.e. in the tube of the spermatophore (8 ml) , and 3-6 mg in the total volume of the external medium (974 ml):
Discussion
The high content of organically-bound acid-soluble phosphorus in the spermatophoric plasma of the octopus was shown by the present study to be largely derived from a trichloroacetic acid-soluble phosphoglycopeptide which contains galactose phosphate. The amino acid composition of the peptide, notable for the absence of aromatic acids, bears some resemblance to that of the "dialysable peptide fraction" described in an earlier study of the octopus spermatophoric plasma, which also showed that, in addition to the peptide-bound amino acids, some bound aminosugar is present in dialysates from spermatophoric plasma (Mann et ai, 1970; Hanson, Mann & Martin, 1973) .
Analyses of the degradation products of the purified phosphoglycopeptide indicate that the linkage of the galactose phosphate moiety to the peptide is via the phosphoryl group, possibly to glutamine, rather than via a glycosidic linkage of the galactose. Consistent with this view are several observations, and in particular the fact that no free inorganic phosphate is released by treatment with alkaline phosphatase, no galactose phosphate is formed upon treatment with phosphodiesterase or glycosidases, and the simplest degradation product is devoid of amino acids with hydroxyl groupings (serine, threonine). However, more work would have to be done to establish the precise composition and configuration of the galactophosphopeptide.
From the data contained in Table 1 it can be seen that the high content of acid-soluble phosphorus characterizes only the mature spermatophore with little of it being found in plasma from either the vesicular-or prostatic-spermatophore. Presumably, therefore, this high concentration is formed during the final stage of spermatophore development, at the time when the intraspermatophoric fluid undergoes condensation. It would seem unlikely that this organically-bound phosphorus originates in either the blood or genital-bag fluid, because their acid-soluble phosphorus content is very low. The material may be secreted by the glandular epithelia of the male reproductive tract and be subsequently concentrated during the final stages of spermatophore development and maturation. Another possibility is that the galacto¬ phosphopeptide is a natural derivative or large-molecular weight glycoproteins which abound in the spermatophoric plasma; proteolytic enzymes and highly active glycosidases are present in this fluid (Mann, Karagiannidis & Martin, 1973) .
About 13% of the acid-soluble phosphorus passed across the outer tunic of the spermatophore and entered the sea water in the course of the spermatophoric reaction in vitro. Part of this material may have been accounted for by glycerophosphocholine which is another characteristic constituent of the octopus spermatophoric plasma (Brooks et al., 1974) and is readily dialysable. However, a relatively high proportion of the organically-bound phosphorus passed a cellophane membrane during dialysis, albeit over a dialysis period of 36 h, which is much longer than the 1^-2^h period usually needed for a spermatophore to complete the spermatophoric reaction in vitro or in vivo. It is also probable that the behaviour of the highly basic galactophosphopeptide might be significantly influenced by ionic and/or hydrophobic interactions with other components of the spermatophoric plasma.
